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Introduction
Much of the research on hyperparasitism has been of a descriptive na-
ture, based primarily on studies with dual cultures in synthetic media. 
The main contributions from these investigations concern the host range 
of the parasite, the mode of penetration and infection, and the morpho-
logical changes of the host and the parasite resulting from parasitism. 
More recent studies on hyperparasitism emphasize the effect of envi-
ronmental factors, especially nutrition, on the susceptibility of the host. 
Research on the physiology of hyperparasitism has been limited. Never-
theless, this important aspect of the problem should continue to receive 
increased attention as hyperparasitism is extremely amenable to basic re-
search dealing with the physiology of diseases in general (1).
In contrast to the voluminous literature pertaining to dual culture 
studies, there is little information regarding the biology of hyperparasit-
ism in nature. Furthermore, there is a dearth of conclusive evidence to 
indicate that interfungus parasitism is an important factor affecting the 
survival of fungi in their natural habitat. The association of the purported 
parasite with a moribund or dead fungus host is cited as evidence that 
hyperparasitism may occur in nature. It has not been incontrovertibly es-
tablished in most cases, however, whether hyperparasitism in nature is 
the cause or the effect of the diseased host. It is indeed essential to deter-
mine the existence of hyperparasitism in nature. And if the time, place, 
and the nature of interfungus parasitism could be ascertained, it would 
undoubtedly give impetus and new direction to research aimed at con-
trolling phytopathogenic fungi through this antagonistic phenomenon. 
Selected literature pertinent to the foregoing topics on hyperparasitism 
is included in this review. Other reviews more adequately deal with some 
aspects of hyperparasitism discussed in this paper (2-8). 
Terminology
The terms, hyperparasitism, mycoparasitism, direct parasitism, and 
interfungus parasitism are used in reference to the phenomenon of one 
fungus parasitic on another. The pathogen of this type of parasitism is 
known as the hyperparasite, the mycoparasite, or simply as the parasite. 
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Hyperparasites may be classified into two broad groups based on the 
mode of parasitism and on its effects on the host. The biotrophic group 
of parasites secures nutrients from living cells of the host irrespective of 
whether they can grow on synthetic media (1, 6). Acquisition of nutri-
ents by the biotrophic parasites is via haustoria or hyphae in close con-
tact with host mycelia without formation of haustoria. Biotrophic para-
sites which kill their host or its parts during their development are called 
destructive parasites, whereas those that inflict little or no obvious dam-
age to the host are known as balanced parasites. Also included with the 
biotrophic parasites are the obligate hyperparasites which obtain nutri-
ents only from living cells. 
The second group of mycoparasites are the necrotrophic parasites en-
compassing those fungi which derive nutrients from dead host cells, usu-
ally killed by the parasite before it invades the host (6). It seems that 
such fungi behave more like saprophytes than parasites. It is worthy of 
note that soilborne fungi are attacked primarily by necrotrophic and de-
structive hyperparasites. 
Tropism
Hyperparasitism involves an intimate contact between the host and 
the parasite. Whether the establishment of such an association results 
from fortuitous contact of these microorganisms or from a tropic response 
of the host or the parasite, is a vexed question. The limited knowledge re-
garding tropism of hyperparasitism is predicated on studies made in syn-
thetic media. Suffice it to say that results from such investigations can-
not be applied forthwith to what may be occurring in a natural habitat 
such as the soil, the rhizosphere, and the host tissue. 
The ingenious experiments of Butler (9) showed that parasitism of host 
hyphae by Rhizoctonia solani may be initiated by a tropic response in-
volving a contact stimulus. Hyphae of R. solani responded thigmotropi-
cally to glass tubing, glass wool, and cotton fiber by coiling around these 
materials. Furthermore, the parasitic hyphae occasionally penetrated the 
walls of the cotton fiber. However, the intensity of coiling and penetra-
tion was considerably less sparse than that observed on host hyphae. He 
surmised that in addition to thigmotropism, other factors may be con-
tributing to the abundant development of hyphal coils and infection hy-
phae formed by R. solani in contact with the host. It would be interesting 
to know whether contact stimulus between host and hyperparasite me-
diates the production of substances which enhance formation of hyphal 
coils and infection hyphae. 
Tropic response of host hyphae toward germinated spores of the bal-
anced mycoparasite, Calcarisporium parasiticum, has been reported (1). 
Contacts between C. parasiticum and the hosts, Physalospora obtusa and 
Physalospora spp., cannot always be ascribed to chance. In this connec-
tion, the host hyphae were stimulated to produce short, lateral branches 
which grew toward the germinated spores of the parasite. Less often the 
tips of the main hyphae of the host would depart from their normal course 
and grow directly toward the hyperparasite. Barnett & Lilly (1) postulated 
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that the tropic response of the host hyphae is elicited by a chemical sub-
stance emanating from germinating spores of the parasite. The purport-
edly chemical substance affecting host response is active in high dilu-
tions and is very potent in inciting host response at distances up to 40 μ 
in agar media. The strength of the tropic response was dependent on the 
distance between host and parasite, the stage of spore germination, the 
composition of the substrate, and the species of the host. 
In contrast to the foregoing tropic response of the host hyphae toward 
the parasite, the hyperparasites, Gleocladium roseum and Piptocephalis 
virginiana, are attracted directly to the host cells (10). 
Mode of Parasitism
The mechanisms of hyperparasitism are as diversified and as complex 
as are those for parasitic relationships involving higher plants and micro-
organisms. Studies on the mode of mycoparasitism have focused atten-
tion primarily on the general morphology of the structures for securing 
nutrients from the host. There is a dearth of information relative to physi-
ological aspects of mycoparasitism. It should also be stated that nearly all 
of the experiments on the mode of hyperparasitism were made with dual 
cultures grown on synthetic media. The recent findings of Siegle (11) pro-
vides a detailed account on the mode of parasitism of Didymella exitia-
les on the host fungus, Ophiobolus graminis, in the rhizosphere of wheat. 
This new approach to the problem should help to pave the way to future 
studies on mycoparasitism as it occurs in nature. 
Several different modes of hyperparasitism have been observed. The 
balanced mycoparasites derive nutrients from host cells in three gen-
eral ways. One means is by the production of haustoria within host cells. 
Brefeld (12) was the first to report on this mode of parasitism in describing 
the development of haustoria of Piptocephalis fresiniana. Subsequently, 
haustorial formation was noted with other balanced mycoparasites, in-
cluding several species of Piptocephalis (13, 14), and Dispira cornuta (15). 
A second means of parasitism by balanced hyperparasites involves 
the dissolution of the host wall in contact with the parasites, Parasitella 
simplex and Chaetocladium sp. (16). In this case, the host nuclei migrate 
through a hole of the cell wall into a specialized basal cell of the parasite 
in contact with the host. 
More recently, Barnett & Lilly (1) described a third means of parasitism 
incited by the balanced mycoparasite, Calcarisporium parasiticum. This 
unique mode of parasitism is characterized by a small, specialized, sep-
tate, contact cell called the buffer cell. Contact cells are produced at the 
tips of the mycoparasitic hyphae. Unlike the previously mentioned modes 
of parasitism, the specialized contact cell of the parasite does not pierce 
or dissolve the host hyphae. It is speculated that the buffer cell functions 
physiologically to increase permeability of the plasma membrane of the 
host and to absorb nutrients from the host. A similar mode of parasitism 
was observed (17) for Gonatobotryum fuscum. However, this balanced hy-
perparasite differs from C. parasiticum in that the small hypha in contact 
with the host lacks a discrete buffer cell. 
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The mode of parasitism of the destructive hyperparasites may be by 
direct penetration of the host, thereby establishing haustoria or internal 
mycelia or by coiling around the host hyphae with or without penetration. 
Examples of these kinds of parasitism are discussed by Butler (9) for the 
mycoparasite, Rhizoctonia solani, on various hosts. In the case of Penicil-
lium vermiculatum parasitizing R. solani, Boosalis (18) showed that the 
penetration pegs develop either from hyphae in direct contact with host 
mycelium or from mycelium coiling around host hyphae. 
Following penetration, the infection mycelium of the destructive par-
asites grow and may permeate parts or the entire hyphal element of the 
host (18). According to Butler (9), R. solani may infect a few host hyphae 
within 24 hr after contact, with maximum infection occurring at 48 to 72 
hours. The rate and intensity of infection is greatly affected by environ-
mental conditions, particularly temperature and nutrition (9, 18). Hyphal 
branching commonly develops within parasitized hyphae and may also 
occur at the junction of branching of the host hyphae. The number of hy-
phae produced by P. vermiculatum within host hyphae varies from one to 
four, the majority with one. Butler (9) and Boosalis (18) reported that hy-
phae of R. solani and P. vermiculatum, respectively, do not penetrate the 
hyphal wall of the host from the inside. Furthermore, the wall of the par-
asitized host may collapse but it does not disintegrate. 
The destructive hyperparasite, Didymella exitiales, penetrates the hy-
phae of Ophiobolus graminis in several ways (11). In one instance, the hy-
phae of D. exitiales grow toward those of O. graminis and follow them for 
a way without parasitism being detectable. Only after a minimum incuba-
tion of 12 days, D. exitiales penetrates the host by means of thin hyphae 
which grow within the host. After 16 days incubation, the parasitized 
cells of O. graminis are devoid of protoplasm. A second method of penetra-
tion is accomplished by the tips of hyphal branches of D. exitiales boring 
through the cell wall of the host. In this case, penetration is apparently 
attained without mechanical pressure. Siegle (11) also noted that pene-
tration of the host may be initiated by means ,of appressoria produced by 
D. exitiales as a result of certain mechanical or chemical stimuli. 
Some investigators (9, 18, 19) found that destructive mycoparasites 
do not produce antibiotic or other deleterious materials which diffuse 
through the medium in advance of the hyphae. Unlike Trichoderma lig-
norum and other necrotrophic, antibiotic-producing fungi, the destruc-
tive mycoparasites do not initiate their parasitic activities at a distance. 
It would appear that an intimate association of the host and parasite is a 
sine qua non for the production of substances initiating direct parasitism. 
A more detailed description of the foregoing mechanisms of parasitism, 
as well as other, more subtle host parasite relationships, are presented in 
recent review articles (2-8). 
Host Structures Parasitized
Besides the mycelium, many of the other structures of the host are 
attacked by the mycoparasites. Gliocladium roseum parasitizes and de-
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stroys the conidia of many species of fungi (19). However, only the im-
mature conidiophores and conidia of Helminthosporium sativum are at-
tacked by C. roseum. Campbell (20) found, on synthetic media, that the 
conidia of H. sativum were invaded and killed by Myrothecium verrucaria, 
the conidia and mycelia by Epicoccum purpurascens, whereas only the hy-
phae were invaded by Phoma humicola. Destructive mycoparasites grown 
in dual cultures on synthetic substrates, and in some instances in ster-
ilized soil, grew within sporangiophores (9), sporangia (9), oogonia (21), 
chlamydospores (22), oospores (23, 24, 25), and zoospores (26) of some 
of the Phycomycetes. The ubiquitous mycoparasites, Darluca filum and 
Tubercilina spp., grow within urediospores, teliospores, and pycniospores 
of many of the Uredinales (7). The stroma of Dibotryon morbosum and 
other phytopathogenic fungi are parasitized by Trichothecium roseum (7). 
Tribe (27) stated that the sclerotia of Sclerotinia trifoliorum were parasit-
ized by Coniothyrium minitans. The comprehensive review article by De-
Vay (3) on mycoparasitism lists additional hyperparasites and the specific 
host structures they affect. 
It should also be stated that the foregoing modes of penetration of host 
mycelia, with the exception of specialized contact cells produced by cer-
tain balanced parasites, have also been recorded in mycoparasitic studies 
of the aforementioned host structures. 
Effect of Parasitism on Host and Parasite
The effect of parasitism on the host, ranges from no apparent damage 
to death (9, 15, 18). The destructive mycoparasites usually cause disin-
tegration of the host protoplasm (9, 18). For these parasites which grow 
within the host hyphae, it is not always clear whether death of the pro-
toplasm results before or after penetration of the host. It is noteworthy 
that following destruction of the host protoplasm the internal hyphae of 
some parasites undergo autolysis (22). However, the mycelia of other par-
asites within the host may persist long after the host protoplasm has dis-
appeared (9, 18). 
Dreschsler (23, 24) stated that after the oospores of certain hosts were 
emptied, the protoplasmic contents of the haustoria withdrew into the ex-
ternal hyphae of the parasite. These kinds of responses by the parasite 
and by the host increase the difficulties of detecting mycoparasitism in 
natural habitats. 
Some of the balanced parasites produce no damage to the host, except 
a reduction in rate of growth (1). The most benign type of mycoparasitism 
exemplified by the interaction between Dispira cornuta and the host hy-
phae approaches a neutralistic relationship (15). 
Stromata of Xytaria oxyacanthae infected by Fusidium parasiticum be-
came shrunken, disintegrated and the ascospores abort (28). 
The parasitic activities of Hypomyces lactifluorum suppressed gill for-
mation and sporulation in fruiting bodies of Lactarius piperatus (2). 
Marked hypertrophy of hyphae, sporangia, and septation of phycomy-
cetous hyphae were incited by the hyperparasites, Razellopsis spp. (29). 
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Hyperparasitism may strongly stimulate sexual reproduction of the par-
asite. The excellent research of Haskins (30) revealed that a destructive hy-
perparasite Pythium species, probably Pythium acanthicum, requires some 
nutritional fat-solvent extractable substance(s) for development of its sex-
ual stages. This substance was not found in the living or dead nonfruiting 
mycelium of the hyperparasite. However, the parasite can obtain the nutri-
tional factor for sexual reproduction from parasitized hyphae of many spe-
cies of fungi, including other species from the same genus. He also noted 
that this pythiaceous hyperparasite grew readily on killed mycelium of 
some of the hosts and produced sexual spores. It is worthy of note that the 
nutritional factor required for sexual reproduction is not requisite for para-
sitism. In this case, the mycoparasite is capable of parasitizing certain spe-
cies of fungi without the production of sexual spores. These hosts evidently 
lacked the substance necessary for sexual reproduction but contained the 
factors needed to sustain parasitism. The nutritional substance is not re-
stricted to host fungi as dead plant materials and the living plants them-
selves stimulated sexual reproduction of this Pythium sp. (30). 
Factors Affecting Parasitism
It is axiomatic that the degree of parasitism is greatly affected by in-
trinsic (hereditary) factors and a variety of extrinsic factors. These two 
types of factors influencing parasitism are presented separately for rea-
son of convenience. In reality, however, parasitism is generally influenced 
by the interaction of the hereditary factors of the host and parasite with 
the external environmental factors. Unfortunately, there is a paucity of 
rigorous studies on the interrelation of factors affecting mycoparasitism. 
Intrinsic factors.—The effect of the intrinsic constitution of the host 
on parasitism is reflected in various ways. For example, the stage of de-
velopment of the host may relate to its susceptibility. In this connection, 
Slifkin (31) showed that the initiation of sex cells or zoosporangia inhib-
ited parasitism of Olpidiopsis incrassata on members of the Saprolegnia-
ceae. Moreover, when the oogonia or sporangia were excised, the host re-
verted to the vegetative stage and became susceptible to the parasite. It 
was speculated that some chemical necessary for infection by the para-
site is also a precursor for the reproductive stage of the host (31). 
Susceptibility may also be contingent on the age of the host hyphae. 
Only the young, rapidly growing host hyphae are most susceptible to at-
tack by the destructive hyperparasite, Rhizoctonia solani (9). On the other 
hand, the age of the mycelium is not a factor of susceptibility of several 
hosts attacked by some balanced hyperparasites (1). Studies are urgently 
needed on the chemical nature of the cell wall to explain the relationship 
of susceptibility and age of the host. 
Results from studies in vitro indicate that the host may resist infection 
by forming mechanical barriers against internal mycoparasites. Infec-
tion hyphae of R. solani are frequently restricted by a protective sheath of 
wall-like material produced by the host (9). Parasitism may be restrained 
by some phycomycetous hosts by the formation of septa ahead of the in-
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vading hyphae. Also, thickening of the inner side walls of some Pythium 
spp. at the site of appressorial attachment obstructed invasion by hyphae 
of another Pythium sp. (21). 
Lysis of parasitic hyphae within host cells, and the genetic variabil-
ity within a species of the parasite and the host, are two other hereditary 
factors affecting parasitism (9). 
Extrinsic factors affecting parasitism.—Nutrition is considered to 
be one of the most important factors affecting hyperparasitism. One rea-
son for this is that the physiological and biochemical systems of the host 
relating to susceptibility are apparently influenced by the quantity or 
quality, or both, of nutrients. In the following studies the susceptibility of 
the host was modified, in most instances, by varying the nutrients in var-
ious media. Results from these investigations, however, offer little infor-
mation on the physiological nature of parasitism in relation to nutrition. 
The kind or amount of carbohydrate may influence the incidence of par-
asitism. Boosalis (18, 32) showed that Rhizoctonia solani was severely par-
asitized by Penicillium vermiculatum when grown on sand-corn meal or po-
tato-dextrose agar with a relatively high concentration of dextrose (20 gm/l). 
Parasitism was negligible, however, when the host was cultured on potato-
dextrose agar containing 10 gm dextrose per liter. It appeared that the high 
level of dextrose increased the amount of parasitism by increasing the sus-
ceptibility of the host. Butler’s findings (9, 33) indicate that the kind of car-
bohydrate supplied to the host and parasite greatly affected parasitism. Mu-
cor recurvis is highly susceptible to R. solani on inorganic-salt agar media 
containing hexose or a di-, or polysaccharide composed of hexose residues, 
maltose, and on grain media of corn meal, oats, or rice. Infection was sparse 
or absent when the host was cultured on substrates containing pentose sug-
ars, galactose, lactose, cellobiose, or on fresh peas or wheat germ. 
Results from studies with balanced mycoparasites showed that sus-
ceptibility of the host can be altered by changing the nutritional compo-
sition of the medium. The pioneer work of Ayers (15) on the effect of nu-
trition on Dispira cornuta indicated that the kind rather than the quantity 
of nutrient altered the susceptibility of the host. Dispira cornuta was se-
verely attacked on media containing different concentrations of proteose-
peptone but not on media supplied with different quantities of dextrose 
as a nutrient. Slifkin (31a) studied the effect of carbon source on the par-
asitism of three species of Saprolegnia by the balanced obligate hyperpar-
asite, Olpidiopsis incrassata. In general, S. kauffmaniana, S. diclina, and 
S. delica are susceptible to O. incrassata when grown in a medium con-
taining hexose sugars which support good growth of the hosts. As an ex-
ample, all three hosts were severely parasitized in a medium with d-glu-
cose, β-glucose, d-levulose and d-mannose. On the other hand, although 
S. delica grew sparsely in d-galactose, it was, nevertheless, severely par-
asitized by O. incrassata. It is interesting to note that the other two spe-
cies of Saprolegnia did not grow on the medium with d-galactose. Manni-
tol and d(+)-cellobiose stimulated some host growth but rendered all three 
hosts immune to the hyperparasite. Starch, glycogen, and xylose sup-
ported fairly good host growth and rendered the hosts susceptible. 
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Other investigators subsequently showed that the quality as well as the 
quantity of the nutrient may modify the degree of parasitism. For example, 
findings from studies on the balanced parasites, Calcarisporium parasiti-
cum (1), Piptocephalis virginiana (34, 35), and P. xenophila (35), indicated 
that the degree of parasitism on some hosts is directly correlated to the 
amount of available nitrogen, and inversely correlated to the concentration 
of sugar in the medium. On the other hand, maximum parasitism of some 
hosts by Gonatobotryum fuscum was observed in media with high amounts 
of carbon and low amounts of nitrogen (17) . Another host, Leptographium 
sp., however, was susceptible only in a substrate high in nitrogen (17). 
Susceptibility is also affected by the ratio of carbon to nitrogen in the 
medium. The susceptibility of some hosts on media with a high carbon-ni-
trogen ratio is decreased (1, 35), whereas with other hosts, it is increased 
(17). Berry (34) discovered that the degree of parasitism was about the same 
for some hosts as long as the glucose-glutamic acid ratio was 3:1. With 
other hosts, however, the severity of parasitism varied when the amount 
of carbon and nitrogen changed, even though the carbon-nitrogen ratio re-
mained the same. The susceptibility of Saprolegnia kauffmania, to the bal-
anced hyperparasite, Olpidiopsis incrassata, is greatly influenced by the ra-
tio of carbon to nitrogen (31). Generally, the higher the ratio of carbon, the 
greater the degree of parasitism on the three species of Saprolegnia. Slifkin 
(31) also found that although the degree of susceptibility was not neces-
sarily the same with equal ratios of carbon to nitrogen, it was with differ-
ent sources of nitrogen. Thus, when glucose was used with urea at a ratio 
of 11:1, S. delica was immune. However, at this same ratio, S. delica was 
highly susceptible when L-asparagine was the nitrogen source. 
It was also reported that the carbon and nitrogen sources, such as dif-
ferent ammonia compounds and different amino acids, markedly influ-
enced the degree of parasitism of some hosts (1, 17, 34, 35). 
The findings of Shigo et al. (35) disclosed a direct correlation between 
the amount of nitrogen in the medium and the percentage of soluble ni-
trogen in the host mycelium. Furthermore, they stated that “there is a 
direct correlation between the amount of soluble nitrogen in the myce-
lium and the growth of Piptocephalis on its host.” Interpretation of these 
results with respect to susceptibility, however, is difficult since it is not 
known whether the modification of parasitism, as estimated by growth 
of the parasite on the host, is in response to nutrients obtained from the 
host or medium, or both. 
The degree of parasitism is also modified by the addition of microele-
ments to the medium. Parasitism of some hosts was enhanced when Mn 
alone was added to the substrate, or when a mixture of Mn, Fe, Zn, and 
Ca were incorporated in media containing asparagine, phenylalanine, 
or potassium nitrate as the nitrogen source (35). The severest attack of 
Graphium sp. by Gonatobotryum fuscum occurred on a medium contain-
ing Mg and Mn (17). The role of microelements in relation to mycoparasit-
ism is not known. 
Results from recent studies on balanced hyperparasites indicate that 
susceptible and immune reactions may be contingent on whether a growth 
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factor, required by the parasite, is present in the host and whether it is 
available to the pathogen. In this connection, Barnett & Lilly (1) showed 
that a small amount of a water extract of chopped mycelium of the host 
or of some immune species stimulated growth of the balanced parasite in 
synthetic media. A similar amount of extract from another immune spe-
cies, however, did not increase growth of the pathogen. It was concluded 
from this, that the parasite was able to absorb the growth factor from 
the susceptible host but not from the immune species. The absence of 
the growth factor in still other species may account for their immunity. 
Whether this purported growth factor is present in living, intact cells of 
susceptible species, and whether it affects parasitism is a moot question. 
Temperature.—In most studies on hyperparasitism involving bal-
anced and destructive parasites, temperature was shown to affect the de-
gree of parasitism. In some instances, the severity of parasitism was not 
altered by change of temperature. The balanced mycoparasite, Piptoceph-
alis virginiana, vigorously parasitized Thamnidium elegans at 25° C, but 
did not attack the host at 15° and 20° C. With another host, however, 
parasitism occurred at 15° and 20° C, but not at 25° C. Both of these 
hosts grew moderately to well at 15° to 30° C (34). The host range of the 
balanced parasite, Olpidiopsis incrassata, was the same at temperatures 
of 6°, 20°, and 30° C. Moreover, changes in temperature from 10° to 25° 
C at intervals of 5° temperature did not alter susceptibility of the host 
to this parasite (31). The optimum temperature for parasitism with other 
balanced and destructive hyperparasites was 25° to 30° C (1, 9, 17, 33). 
Working with unsterilized soil, Boosalis (18) reported that the incidence 
of mycoparasitism on Rhizoctonia solani was considerably higher in green 
manure-amended soil at 28° than at 18° C. 
Light and pH.—Although it is unlikely that light and pH are major fac-
tors affecting hyperparasitism in nature and especially in the soil, these 
factors, nevertheless, can influence host-parasite relations in vitro. Shigo 
et al. (17) stated that several hosts were strongly parasitized by Gonoto-
botryum fuscum in total darkness, whereas parasitism was poor under 
conditions of alternating light and darkness. According to Butler (9), in-
fection of the host by R. solani was not influenced by diffused daylight; 
but it was suppressed by artificial light of a higher intensity. The absence 
or presence of light did not alter the degree of parasitism in studies with 
the balanced parasite, Olpidiopsis incrassata (31). 
Severe infection of Pythium debaryanum and P. butleri by R. solani de-
veloped in a medium with a pH 5.5 and 7.1, whereas a pH 6.7 and 7.1 
was not conducive to infection of Rhizopus spp. (9). Parasitism of Armil-
laria mellea by the necrotrophic parasites, Trichoderma spp., was sub-
stantially reduced by adjusting the pH of the medium below 5.1, and at 
pH 7.0 parasitism was inhibited (36). 
The effect of pH on the obligate hyperparasite, Olpidiopsis incrassata, 
and on three species of Saprolegnia, the host fungi, was recently studied 
in a synthetic medium (31). The hosts, Saprolegnia kauffmaniana, S. dic-
lina, and S. delica, tolerated a pH range of 4.3 to 8.5. The minimum and 
maximum levels for the hyperparasite were pH 5.0 and 8.0, respectively. 
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The wide pH range between these two extremes did not alter immunity or 
susceptibility of the three hosts to O. incrassata. 
Other organisms.—Relatively little work has been done to determine 
what effect other microorganisms exert on host-parasite relation in vitro. 
Furthermore, the author is not aware of any research on this important 
problem in soil. The significant work of Butler (9) on this phase of hy-
perparasitism revealed that infection was completely inhibited, limited, 
or not affected by the presence of another fungus in culture with the host 
and parasite. 
Host Range
There is an abundance of literature regarding the host range of differ-
ent kinds of hyperparasites. A few of the more pertinent papers are cited 
on this subject. Comprehensive compilations of mycoparasitic hosts are 
available elsewhere (2, 3). 
The varying capacity of mycoparasites to infect hosts ranges from lim-
ited to extensive. A few parasites are capable of attacking only one species 
(7, 18, 28). The host range of other mycoparasites is confined to a num-
ber of species of a single genus of one class (15, 17, 31). A larger number of 
parasites have a predilection for hosts belonging to the Mucorales (10, 15, 
23, 34). The more diversified mycoparasites, especially those isolated from 
soil or diseased roots, parasitize fungi of two or more classes (1, 9, 19, 37). 
A Pythium sp. isolated from an excised rust-infected leaf (probably Amel-
anchier alnifolia) parasitized 69 fungus species representative of the four 
classes of fungi (30). This destructive hyperparasite also caused browning 
of the root tips of several crops in pots containing unsterilized soil. 
Relevance of the accumulated knowledge regarding the host range 
of hyperparasites has led to some interesting speculation. For example, 
Butler (9) hypothesized that perhaps the capacity of certain soil-inhab-
iting fungi to parasitize roots as well as other fungi is related to their ef-
fective survival in nature. Barnett & Lilly (1) suggested that it may be 
possible to use mycoparasites to identify closely related species of fungi, 
especially the nonsporulating groups. The fact that a hyperparasite, para-
sitic on phytopathogenic fungi, can be killed by other mycoparasites obvi-
ously adds to the difficulties of devising biological control measures based 
on interfungus parasitism. 
Occurrence of Hyperparasitism in Nature
Systematic studies have not been pursued to ascertain the frequency 
of mycoparasitism in soil and other habitats. Consequently, it is not pos-
sible to assess accurately the importance of interfungus parasitism in 
nature. The occurrence of mycoparasitism in some habitats, however, is 
well documented. 
Hyperparasitism has been associated frequently with above-ground 
diseased tissues of plants. The mycoparasite, Gonatobotryum fuscum, was 
found to parasitize Graphium sp. growing in oak trees (17). This parasite 
also infected Ceratocystis spp. located under loose bark of a felled beech 
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tree (38). Similar natural habitats of mycoparasitism have been noted by 
other investigators (19,28,39,40). According to Matta (41), Cercospora un-
amunoi, parasitic on leaves of pepper grown in the greenhouse, was para-
sitized by the destructive hyperparasite, Botrytis yuae. The plant disease 
induced seemed to be alleviated by the presence of B. yuae. 
Most of the evidence for the natural occurrence of hyperparasitism 
in soil is circumstantial. For instance, mycoparasitism was established 
on glass slides buried in sterilized soil infested with pure cultures of the 
host and parasite (42). This, in itself, certainly does not constitute ade-
quate proof for the existence of mycoparasitism in soil. In another study, 
it was found that sublethal dosages of carbon disulfide applied to natu-
ral soil stimulated Trichoderma viride to invade and kill Armillaria mellea 
(43). The infection of species of Phythium by Chytridiaceous parasites was 
observed in natural soil (44). Drechsler (23) described destructive my-
coparasitism of oospores of Phythium graminicolus on leaf mold. Boosa-
lis (18) reported that Rhizoctonia solani, introduced into unsterilized soil 
amended with green manure and kept at 28° C, was parasitized by soil-
inhabiting fungi. Even under such favorable environmental conditions, 
however, only about 18 percent of the host hyphae were parasitized. In 
subsequent studies with R. solani, Boosalis (unpublished data) discerned 
only six parasitized hyphae out of 15,000 screened in June and Septem-
ber from natural soil collected from eight fields cropped with sugar beet. 
Hyperparasitic Control of Phytopathogenic Fungi
Attempts to control fungus diseases of plants through hyperparasitism 
have met with very little success. Investigations on mycoparasitic control 
of fungi have dealt primarily with soil-borne pathogens (18). In essence, 
the attempted methods of biological control consisted of adding copious 
amounts of the mycoparasite to the soil. In some instances, the pH of the 
soil was adjusted (45), or the soil was amended with nutrients with the 
aim of stimulating mycoparasitism. Such treatments are not suitable for 
the control of fungus diseases of plants because they do not give consis-
tent protection and are commercially impractical. 
Summary and Discussion
Much of the work on hyperparasitism has been done on synthetic me-
dia. In most instances the experimental procedure entailed the transfer 
of pure cultures of the parasite and the host fungus on an agar or broth 
substrate, allowing them to grow until parasitism was established. What-
ever the shortcomings of these procedures, considerable information on 
certain etiological and physiological aspects of mycoparasitism was de-
rived from dual culture studies. 
Microscopic observations of the initial stages of hyperparasitism in 
synthetic media have revealed the devious and intricate means by which 
the destructive mycoparasites penetrate and invade the host cells. The 
mode of parasitism by the more benign balanced hyperparasites has also 
been resolved through similar investigations. Microscopic detection of 
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structural changes of some hosts in response to infection contributes to 
a better understanding of the nature of resistance. Considerable informa-
tion on the effect of the environment on the susceptibility of the host has 
resulted from research with dual cultures. With respect to nutrition, it 
was shown that the degree of parasitism may be contingent on the source 
and concentration of nitrogen, sugar, or both, contained in the medium. 
The diversity of parasitism is clearly illustrated in dual culture studies 
on the host range of different hyperparasites. Some parasites are capa-
ble of infecting only one host species, whereas others have a wider host 
range attacking species of several classes of fungi. The foregoing facts, to-
gether with other information on interfungus parasitism gained from dual 
culture studies, provided the framework for subsequent investigations on 
mycoparasitism. 
Research on the physiology of hyperparasitism was initiated recently 
to define the underlying biochemical systems associated with the se-
quence of events leading to infection. Exploratory investigations with dual 
cultures in synthetic media and in the rhizosphere of wheat have yielded 
clues on the physiology of mycoparasitism which warrant further study. 
The pioneer work of Barnett & Lilly (1) and of Shigo (17) with balanced 
mycoparasites, indicates that susceptibility is correlated with the pres-
ence of growth-promoting substances and with high amounts of soluble 
nitrogen within the host mycelium. These workers also found that sus-
ceptibility was increased by adding microelements to the substrate. The 
role of the unidentified growth-promoting substances, as well as that of 
the soluble nitrogen material and the microelements, is unknown. The re-
search of Siegle (11) sheds some light on the chemical and physiological 
nature of penetration of the host fungus by the destructive parasite, Did-
ymella exitialis. The results from studies on hyperparasitism in the rhizo-
sphere of wheat are significant in showing that destruction of Ophiobolus 
graminis results from penetration and subsequent invasion of the hyphae 
as well as from amino acids produced by the parasite. 
Ecological investigations on soil-borne mycoparasites have been ne-
glected primarily because methods for this type of research have been 
lacking. Consequently, there is little information on the occurrence of hy-
perparasitism and on the biology of mycoparasites in soil. There is little ev-
idence to show that many of the mycoparasites isolated from soil or dis-
eased plant tissues and tested for pathogenicity in dual cultures are truly 
mycoparasitic in soil. This may partly explain why the additions of fungi to 
soil, shown to be mycoparasitic in dual cultures only, fail to parasitize the 
host fungus in the soil milieu. The survival of fungi in soil per se does not 
appear to be greatly affected by mycoparasitism. In this connection, Boo-
salis (unpublished data) did not detect any appreciable amount of parasit-
ized hyphae of R. solani screened from several fields with different cropping 
histories. This does not necessarily mean, however, that hyperparasitism 
is not significant in certain microhabitats of the soil. Evidence is presented 
by Siegle (11) that mycoparasitism may be common in the rhizosphere of 
plants. With the recently devised methods for detecting and isolating fungi 
from soil (46–50) it should be possible to undertake systematic studies to 
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ascertain whether mycoparasitism occurs in the various soil microhabitats, 
such as plant residue, and in the rhizosphere of plants. 
It is indeed imperative to know when and where the hyperparasitic wars 
occur before pursuing studies to learn what factors can affect the outcome 
of the struggle. Knowledge gained on the ecology of mycoparasites, coupled 
with a better understanding of the physiology of hyperparasitism, should 
suggest the needed strategy to turn the tide of battle. And if the tide can 
be directed in favor of the hyperparasites through various permutations of 
crop rotation, soil amendments, cultural practices, or through some other 
means, man will reap the spoils of hyperparasitic victories. 
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